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INTRODUCTION
Cheese	 yield	 is	 largely	 dependent	 on	 milk	
composition,	 particularly	 fat	 and	 protein	 (Gilles	
and	 Lawrence	 1985,	 Banks	 et al.	 1981,	 Lucey	
and	 Kelly	 1994,	 Van	 den	 Berg	 1994,	 Guo	 et al.	
2004).	There are	a	great	number	of	variables	(fat,	
protein,	 casein,	 casein	 ratio,	 protein-to-fat	 ratio,	
minerals,	 type	 of	 milk, types	 of	 coagulant	 used,	
heat	treatments	of	milk)	with	a	certain	 influence	
on	 the	 cheese	 yield,	 but	 some	 of	 these	 variables	
are	 more	 important	 than	 others,	 so	 is	 useful	 to	
identify	those	variables	for	a	better	understanding	
of	 the	 factors	 that	 can	 increase	 or	 decrease	 the	
cheese	 yield	 (Formaggioni	 et al.	 2008,	 Colin	 et. 
al., 1992,	Gilles	et. al.,1991,	Lelievre	et. al.,	1983,	
Emmons,	 1993).	 The	 study	 includes	 a	 principal	
component	 analysis,	 in	 order	 to	 better	 estimate	
the	importance	of	each	factor	included	in	the	study	
(Smith,	2002).
MATERIALS AND METHODS   
The	data	used	in	this	study	resulted	from	fifty	
experiments	on	the	effect	of	the	milk	composition	
on	 the	 cheeses	 yield.	 The	 cow,	 buffalo,	 ewe	 and	
goat	milk	used	 for	 cheesemaking	have	 a	 content	
of	 fat	 in	 the	 range	 0.75-6.61%	 (wt/wt),	 protein	
in	 the	 range	 2.49-5.51%	 (wt/wt)	 and	 casein	 in	
the	range	1.97-4.26%	(wt/wt).	All	data	obtained	
were	subjected	to	statistical	analysis,	determining	
the	 average,	 standard	 deviation	 and	 statistical	
significance	of	differences.	The	data	was	then	used	
in	 a	 principal	 component	 analysis,	 to	 identifying	
such	variables	involved	in	cheese	yield.	
Principal components analysis (PCA)	 is	
essentially	a	method	of	data	 reduction	 that	aims	
to	 produce	 a	 small	 number	 of	 derived	 variables	
that	 can	 be	 used	 in	 place	 of	 the	 larger	 number	
of	 original	 variables	 to	 simplify	 subsequent	
analysis	of	the	data.	PCA	consists	of	transforming	






system	 being	 described	 by	 new	 variables,	 and	
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retain	as	much	of	 the	 information	 in	 the	original	
variables	as	possible	(Smith,	2002).	
RESULTS AND DISCUSSIONS    
After	 applying	 the	 PCA method,	 a	 series	 of	
results were	 obtained,	 results	 which	 we	 will	
interpret.	Descriptive	Statistics table	supplies	the	
mean	 (the	 average	 across	 each	 dimension),	 the	
standard	deviation	(the	data	spread	out	level)	and	
the	 number	 of	 analyzed	 cases,	 for	 each	 variable	
(Tab.	1).
Table	 2	 shows	 the	 correlation	 matrix	 for	
the	 ten	 original	 variables.	 There	 were	 strong	




ten	 variables	 considered	 representation	 of	 them	
in	 a	 greatly	 reduced	 number	 of	 new	 variables,	
principal	components.	
The	existence	of	strong	correlations	between	
the	 analyzed	 variables	 significantly	 reduces	
their	 individual	 importance	 and	 emphasizes	
the	 existence	 information	 redundancy.	 There	 is	
a	 significant	 amount	 of	 dissipated	 information	
links	 between	 variables.	 In	 our	 approach,	 we	
aim	 at	 reducing	 the	 dimensionality	 of	 the	 initial	
causal	 space	 and	 eliminate	 these	 redundancies	
information,	 and	 therefore	 use	 the	 method	
principal	 component	 analysis.	 As	 we	 can	 see,	
between	 variables,	 we	 have	 also	 positive	 and	
negative	 correlation,	 which	 is	 perfectly	 normal,	
due	 to	 the	 meaning	 of	 each	 analyzed	 variable.	
Hence,	fat	content	was	highly	positively	correlated	
Tab. 1
Variable Mean	 Std.	Deviation	 N
Fat	(%	wt/wt) 3.421 1.317 50
Protein	(%	wt/wt) 3.587 0.760 50
Casein	(%	wt/wt) 2.701 0.580 49
Casein	number1 79.651 5.083 48
Casein/fat 0.951 0.549 48
pH 6.633 0.102 34
Total	solids	(%	wt/wt) 13.235 2.218 30
Calcium	(%	wt/wt) 0.132 0.032 50
Lactose	(%	wt/wt) 4.594 0.198 50














Casein	number -0.074 -0.368* -0.065
Casein/Fat -0.688** -0.010 0.157 0.093
pH -0.234 -0.168 -0.176 -0.177 0.083
Total	solids 0.613** 0.726** 0.821** 0.241 -0.011 -0.438*
Calcium 0.217 0.700** 0.744** -0.301* 0.242 0.031 0.642**
Lactose -0.165 0.173 0.061 -0.074 0.260 -0.002 0.165 0.190
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with	 protein	 content	 (r	 =	 0.60),	 total	 solids	 (r	 =	
0.61)	and,	to	a	lesser	extent,	with	casein	content	(r	
=	0.46).	Similarly,	protein	content,	casein	content,	







represented	 by	 PCA	method	 is	motivated	 by	 the	
values	Kaiser-Meyer-Olkin	 index	 (0.418)	and	 the	
Bartlett’s	Test	of	Sphericity	(266.109,	Sig=0.000).	
Based	 on	 initial	 data	 standardization,	 is	 shown	
below	 the	 values	 equity	 resulting	 from	principal	
component	analysis.	 It	should	be	noted	that	only	
eigenvalues		greater	than	1.00	are	retained	for	only	
those	major	 components	which	 are	 greater	 than	
the	variance	of	the	variables	original	standardized	
(mean	 zero	 and	 variance	 equal	 to	 1.00)	 should	
be	extracted,	 according	 to	Kaiser’s	 criterion.	The	
results	are	shown	in	Table	3.
It	is	observed	that	only	the	first	four	variables	
such	 formats	 have	 a	 value	 greater	 than	 1.00	
-	 which	 is	 interpreted	 in	 terms	 of	 variance	 or	
quantity	 information	 -	 therefore	 we	 retained	 in	
the	analysis	only	the	first	four	main	components.	




Total %	of	Variance Cumulative	% Total %	of	Variance Cumulative	%
1 4.260 42,.597 42.97 4.260 42.597 42.597
2 1.858 18.581 61.178 1.858 18.581 61.178
3 1,331 13.314 74.493 1.331 13.314 74.493
4 1.192 11..925 86.418 1.192 11.925 86.418
5 0.831 8.308 94.726
6 0.376 3.756 98.482
7 0.079 0.789 99.271
8 0.047 0.467 99.738
9 0.024 0.241 99.979




Fat	 0.791 -0.543 -0.002 0.139 0.703 -0.660 -0.095 -0.017
Protein 0.943 0.007 -0.246 0.073 0.931 -0.122 -0.147 -0.227
Casein 0.967 0.041 0.012 0.167 0.965 -0.114 -0.138 0.048
Casein	nr. -0.029 0.101 0.928 0.299 -0.003 0.024 0.030 0.980
Casein/Fat -0.242 0.818 0.221 -0.083 -0.145 0.831 -0.081 0.257
pH -0.546 -0.223 -0.078 0.575 -0.378 -0.158 0.714 0.075
Total	solids 0.853 0.202 0.361 0.211 0.865 0.035 -0.161 0.409
Calcium 0.775 0.356 -0.160 0.071 0.818 0.241 -0.129 -0.116
Lactose 0.076 0.804 -0.334 0.071 0.241 0.801 0.115 -0.237
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of	 the	 initial	 information	 submitted	 by	 the	 ten	
original	 variables.	 Once	 determined	 the	 number	
of	principal	components	retained	in	the	analysis,	
further	attempt	will	be	made	to	the	interpretation	
of	 components	 main.	 This	 will	 cause	 the	
matrix	 factor	 (Table	 4)	 of	 the	 four	 components	
representative	 results.	 The	 matrix	 is	 a	 very	
important	factor	in	the	analysis	our	as	its	elements	
(also	known	intensities	factors)	are	the	correlation	




-	 the	 first	 factor is	 compound	 by	 protein	
content	 (0.943),	casein	content	 (0.965)	and	total	
solids	(0.865);	the	second	factor is	compound	by	





describe	 the	 four	 principal	 components	 (protein	
content,	casein	number,	casein-to-fat	ratio,	lactose	







where	 Y	 is	 cheese	 yield,	 Xi	 (with	 i	 from	 1	 to	 n)	




This	 article	 emphasizes	 the	 usefulness	 of	
applying	the	method	main	components	by	analysis	
with	 the	 ultimate	 goal	 of	 identifying	 the	 factors	
that	 influence	 in	a	significantly	cheese	yield.	The	
immediate	effect	of	this	type	of	application	can	be	
ability	 to	analyze,	 test	and	 improve	those	 factors	
that	are	directly	responsible	for	the	cheese	yield.	
Knowing	 and	 analyzing	 these	 factors	 may	 be	
initiated	programs	to	get	a	better	cheese	yield.
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